Altered collagen in tartrate-resistant acid phosphatase (TRAP)-deficient mice: a role for TRAP in bone collagen metabolism.
Tartrate-resistant acid phosphatase (TRAP) is an iron-containing protein that is highly expressed by osteoclasts, macrophages, and dendritic cells. The enzyme is secreted by osteoclasts during bone resorption, and serum TRAP activity correlates with resorptive activity in disorders of bone metabolism. TRAP is essential for normal skeletal development. In knockout mice lacking TRAP, bone shape and modeling is altered with increased mineral density. Here, we report the effect of TRAP on the biochemical and biomechanical properties of collagen, the major protein constituting the bone matrix, using these mice. Femurs from TRAP-/- and wild-type mice were used in these studies. The biomechanical properties were investigated using a three-point bending technique. Collagen synthesis was determined by measuring cross-link content using high-performance liquid chromatography and amino acid analysis. Collagen degradation was determined by measuring matrix metalloproteinase-2 (MMP-2) activity. The rates of collagen synthesis and degradation were significantly greater in bones from TRAP-/- mice compared with wild type. At 8 weeks, there was an increase in the intermediate cross-links but no significant difference in animals aged 6 months. There was a significant increase in mature cross-links at both ages. A significant increase in MMP-2 production both pro and active was observed. A significant increase in ultimate stress and Young's modulus of elasticity was needed to fracture the bones from mice deficient in TRAP. We conclude that both synthesis as well as degradation of collagen are increased when TRAP is absent in mice at 8 weeks and 6 months of age, showing that TRAP has an important role in the metabolism of collagen.